Genetic imprinting, found in flowering plants and placental mammals, uses DNA methylation to yield gene expression that is dependent on the parent of origin 1 . DNA methyltransferase 3a (Dnmt3a) and its regulatory factor, DNA methyltransferase 3-like protein (Dnmt3L), are both required for the de novo DNA methylation of imprinted genes in mammalian germ cells. Dnmt3L interacts specifically with unmethylated lysine 4 of histone H3 through its amino-terminal PHD (plant homeodomain)-like domain 2 . Here we show, with the use of crystallography, that the carboxy-terminal domain of human Dnmt3L interacts with the catalytic domain of Dnmt3a, demonstrating that Dnmt3L has dual functions of binding the unmethylated histone tail and activating DNA methyltransferase. The complexed C-terminal domains of Dnmt3a and Dnmt3L showed further dimerization through Dnmt3a-Dnmt3a interaction, forming a tetrameric complex with two active sites. Substitution of key non-catalytic residues at the Dnmt3a-Dnmt3L interface or the Dnmt3a-Dnmt3a interface eliminated enzymatic activity. Molecular modelling of a DNADnmt3a dimer indicated that the two active sites are separated by about one DNA helical turn. The C-terminal domain of Dnmt3a oligomerizes on DNA to form a nucleoprotein filament. A periodicity in the activity of Dnmt3a on long DNA revealed a correlation of methylated CpG sites at distances of eight to ten base pairs, indicating that oligomerization leads Dnmt3a to methylate DNA in a periodic pattern. A similar periodicity is observed for the frequency of CpG sites in the differentially methylated regions of 12 maternally imprinted mouse genes. These results suggest a basis for the recognition and methylation of differentially methylated regions in imprinted genes, involving the detection of both nucleosome modification and CpG spacing.
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In both flowering plants and placental mammals, DNA methylation has a central role in imprinting, but in neither case is it clear how imprinted genes are targeted for methylation. Imprinted genes in mammals are often associated with differentially methylated regions (DMRs) 3 , which show DNA methylation patterns that depend on the parent of origin. How the imprinting machinery recognizes DMRs is unknown. The Dnmt3 family includes three members: two de novo CpG methyltransferases, namely Dnmt3a and Dnmt3b (ref. 4) , and an enzymatically inactive paralogue, Dnmt3L, that functions as a regulatory factor in germ cells 5 . Inactivating both Dnmt3a and Dnmt3b abolishes de novo methylation in mouse embryos 4 . Although Dnmt3b conditional germline knockout animals and their offspring show no apparent phenotype, the phenotype of a corresponding Dnmt3a conditional knockout 6 is indistinguishable from that of Dnmt3L knockout mice 5, 7 with altered sex-specific de novo methylation of DNA sequences in male and female germ cells. These results indicate that Dnmt3a and Dnmt3L are both required for the methylation of most imprinted loci in germ cells.
We undertook structural and biochemical studies of a homogeneous complex of Dnmt3L and Dnmt3a2, generated by a coexpression and co-purification system ( Supplementary Fig. 1 ). Dnmt3a2 is a shorter isoform of Dnmt3a that is the predominant form in embryonic stem cells and embryonal carcinoma cells and can also be detected in testis, ovary, thymus and spleen 8 . For crystallography, we focused on a stable complex of the C-terminal domains from both proteins (Dnmt3a-C and Dnmt3L-C) that retains substantial methyltransferase activity ( Supplementary Fig.  1 ) 9 . The structure of the C-terminal complex was determined to a resolution of 2.9 Å in the presence of cofactor product S-adenosyl-Lhomocysteine (AdoHcy) (Supplementary Table 1) .
Both Dnmt3a-C and Dnmt3L-C have the classical fold characteristic for S-adenosyl-L-methionine (AdoMet)-dependent methyltransferases 10 , but AdoHcy was found only in Dnmt3a-C, not in Dnmt3L-C (Fig. 1a) . This is consistent with Dnmt3a-C being the catalytic component of the complex, whereas Dnmt3L is inactive and unable to bind cofactor 9 . The overall complex is elongated (about 160 3 60 3 50 Å 3 ) with a butterfly shape (Fig. 1a, b) . The complex contains two monomers of Dnmt3a-C and two of Dnmt3L-C, forming a tetramer (Dnmt3L-Dnmt3a-Dnmt3a-Dnmt3L) with two Dnmt3L-Dnmt3a interfaces (about 906 Å 2 interface area) and one Dnmt3a-Dnmt3a interface (about 944 Å 2 ). The Dnmt3L-Dnmt3a interface of Dnmt3L also supports a Dnmt3L homodimer ( Supplementary Fig.  2a, b) . Dnmt3a2 might use the same interface to form a Dnmt3a2 homo-oligomer, as suggested by analytical size exclusion chromatography (a broad peak of about 500 kDa; Supplementary Fig. 2c, d ). An F728A mutation of Dnmt3a2, which eliminates a hydrophobic interaction at the Dnmt3a-Dnmt3L interface, disrupted the Dnmt3a2 homo-oligomer to yield a roughly 150-kDa dimer (Supplementary Fig. 2c, d ; the calculated mass of a Dnmt3a2 monomer is 78 kDa) and abolished methyltransferase activity ( Fig. 1c;  compare lanes 1 and 4) . The equivalent mutant in Dnmt3L, F261A, lost its ability to form a homodimer ( Supplementary Fig. 2a, b) and simultaneously its ability to stimulate wild-type Dnmt3a2 activity ( Fig. 1c; compare lanes 1-3) . At the Dnmt3a-Dnmt3a interface, an R881A mutation of Dnmt3a that eliminates a network of polar interactions (Fig. 1d) abolished the activity of Dnmt3a-C (ref. 11). These data indicate that both interfaces (Dnmt3a-Dnmt3L and Dnmt3a-Dnmt3a) are essential for catalysis. Dnmt3L might stabilize the conformation of the active-site loop of Dnmt3a (residues 704-725 before helix aD, containing the key nucleophile Cys 706), by means of interactions with the C-terminal portion of the active-site loop ( Supplementary Fig. 3 ). These stabilizing interactions could explain the stimulation of Dnmt3a2 activity by Dnmt3L ( Fig. 1c ; lanes 1 and 2) 9, [12] [13] [14] , as well as the linked loss of the Dnmt3a-Dnmt3L interface and of catalytic activity in Dnmt3a2 F728A (Fig. 1c, lanes 4-6) .
Among the known active DNA methyltransferases, Dnmt3a and Dnmt3b have the smallest DNA-binding domain (absent from Dnmt3L; Supplementary Fig. 4 ). This domain includes about 50 residues in Dnmt3a/Dnmt3b in comparison with, for example, about 85 residues in the bacterial GCGC methyltransferase M.HhaI (ref. 15 ). However, dimerization by means of the Dnmt3a-Dnmt3a interface brings two active sites together and effectively doubles the DNA-binding surface. We superimposed the Dnmt3a structure on that of M.HhaI complexed with a short oligonucleotide 15 . This yielded a model of a Dnmt3a-DNA complex with a short DNA duplex bound to each active site (Fig. 2a) . The two DNA segments can be connected easily to form a contiguous DNA, such that the two active sites are located in the major groove about 40 Å apart (Fig. 2b) . This model indicates that dimeric Dnmt3a could methylate two CpGs separated by one helical turn in one binding event.
Electrophoretic mobility-shift assays revealed cooperative multimerization on DNA of Dnmt3a-C alone or of the Dnmt3a-CDnmt3L-C complex, with each monomer of Dnmt3a-C binding to about 12 base pairs ( Fig. 2c and Supplementary Fig. 5a ). Gel-filtration experiments, using short oligonucleotides of different lengths, confirmed the oligomerization of Dnmt3a-C on DNA with one monomer bound for each roughly nine base pairs ( Supplementary  Fig. 5b ). Oligonucleotides containing a single CpG site are substrates for the Dnmt3a-Dnmt3L C-terminal complex, but at least eight base pairs on each side of the CpG are required for substantial activity, which is consistent with a possible requirement for DNA contact by both Dnmt3a molecules ( Supplementary Fig. 1d ).
On longer DNAs, we tested the possibility that the Dnmt3a dimer, in one binding event, methylates two CpG sites separated by a helical turn. Two different DNA fragments were methylated in vitro by Dnmt3a-C. Methylation was analysed by bisulphite conversion, followed by cloning and sequencing, of 119 clones in total. At an overall methylation level of 22-26% there was a periodic fluctuation of the relative methylation at the various CpG sites (Fig. 3a and Supplementary Fig. 6 ). To determine whether there is a correlation between the methylation states of any two CpG sites at a given distance from one another, the autocorrelation of the methylation states was calculated for all pairs of CpGs in each individual clone. We observed a highly significant correlation of methylation status at distances of eight to ten base pairs between two CpG sites (Fig. 3b) . These experiments were performed under conditions in which the DNA was saturated with the enzyme. As a result of its large interface with DNA, the enzyme oligomer or polymer cannot move along the DNA, in agreement to the observation that Dnmt3a-C methylates DNA in a non-processive manner 16 . The enzyme oligomer on the DNA presents the active sites in a regular spacing, which leads to a correlated methylation of CpG sites. In contrast, CpG sites positioned between the active sites are not readily available for methylation, which causes a correlation of absence of methylation that has the same period ( Supplementary Fig. 6c ).
The similarity of defects observed in the Dnmt3a conditional germline knockout and the Dnmt3L-null mutants indicates that both Dnmt3a and Dnmt3L are required for the methylation of DMRs in imprinted genes [5] [6] [7] . We studied the distribution of CpG sites among 12 known maternally imprinted DMRs 17 that are methylated in wildtype embryos and responsible for their germline targeting, including the three (Snrpn, Igf2r and Peg1) that were shown experimentally to be unmethylated in affected embryos 6 . The frequencies of the distances between CpG sites peak periodically, with an average interval of 9.5 base pairs ( Fig. 4a ; the l DNA fragment and the CpG island used as methylation substrates in Fig. 3 do not contain such pattern). The periodic occurrence of CpG sites 9.5 base pairs apart on average (examples are shown in representation of the Dnmt3a-Dnmt3L tetramer, with two short DNA molecules adopted by superimposition of the HhaI-DNA complex structure 15 onto individual Dnmt3a-C. b, Two views of the Dnmt3a-Dnmt3L tetramer with one contiguous curved DNA molecule, approximately 25 base pairs in length, covering two active sites. c, Cooperative formation of large protein-DNA complexes (red arrow) after incubation of a 146-base-pair DNA with increasing concentrations of Dnmt3a-C or Dnmt3a-C-Dnmt3L-C complex. The lower band (black arrow) corresponds to one Dnmt3L-C bound to the DNA as a result of the presence of some free Dnmt3L-C in the mixture (Supplementary Fig. 5a ). LETTERS substrate for the activity of two active sites in Dnmt3a, indicating that the CpGs on maternally imprinted DMRs could be methylated simultaneously by a Dnmt3a-Dnmt3L tetramer or oligomer (as shown in Fig. 2 ). The periodicity of the distribution of pairwise distances of CpGs was further analysed by calculating an autocorrelation function of the frequencies, which underscored the significance of the observation (Fig. 4b) . As controls, ten CpG islands randomly taken from promoter regions of genes on human chromosome 21 ( Fig. 4c and Supplementary Fig. 7 ) did not show any correlation in the positioning of CG sites.
In contrast with the maternally imprinted DMRs, three paternally imprinted DMRs (H19, Dlk1-Gtl2 and Rasgrf1; Supplementary  Fig. 8a ) did not show such periodicity; only Rasgrf1 showed a weak periodic pattern similar to maternally imprinted DMRs. The three paternal DMRs showed different methylation levels in impaired spermatogenesis: first, the DMR of Rasgrf1 is normally methylated in both the Dnmt3a conditional mutant and Dnmt3L 2/2 as well as in wild-type males 6 , but unmethylated in Dnmt3L knockout animals in a different study 18 ; second, the H19 DMR is unmethylated in both mutants 6 but showed mosaic methylation in two different studies 7, 18 ; and third, the DMR at Dlk1-Gtl2 was methylated in Dnmt3L 2/2 animals but not in a Dnmt3a conditional mutant. It is possible that additional factors (such as RNA 19 ) are involved in establishing paternal imprints at specific loci, including paternally imprinted retrotransposons (LINE-1 and IAP; Supplementary Fig. 8b ). Dnmt3L and Dnmt3a are at present the only factors known to be required for establishing maternal imprints in germ cells. We conclude that the periodic arrangement of CpGs in maternally imprinted DMRs constitutes an environment that is favourable for methylation by the Dnmt3a-Dnmt3L tetramer, which is consistent with the tetramers having two active sites with similar spacing and might contribute to their preferential methylation in the female germ line. Comprehensive genome-wide studies will be required in the future to determine whether all CpG islands with a periodicity of eight to ten base pairs are maternally imprinted.
Finally, histone methylation has a function in epigenetic signalling in addition to DNA methylation. There have been reports of an inverse relationship between methylation of histone H3 lysine 4 (H3K4) and allele-specific DNA methylation at DMRs; that is, a lack of H3K4 methylation at the methylated allele and the presence of H3K4 methylation at the unmethylated allele [20] [21] [22] [23] . The Dnmt3L-Dnmt3a complex structure presented here indicates a novel mechanism by which an absence of H3K4 methylation is recognized by the PHD (plant homeodomain)-like domain of Dnmt3L (ref. 2) , whereas its C-terminal methyltransferase-like domain brings in the active DNA methyltransferase Dnmt3a to establish a heritable DNA methylation pattern. Hence, H3K4 methylation could protect unmethylated DMRs from DNA methylation by the Dnmt3a-Dnmt3L complex.
METHODS SUMMARY
Co-expression and co-purification of Dnmt3 proteins. Co-expression of fulllength Dnm3a2 (residues 220-908 of Dnmt3a; National Center for Biotechnology Information (NCBI) accession number o88508) and Dnmt3L (NCBI accession number AAH83147) was achieved by engineering two expression . This periodicity is detectable for correlation of methylation of individual CpG sites as well as for correlation of the absence of methylation at two sites ( Supplementary  Fig. 6 ). cassettes in one plasmid. Co-expression of Dnmt3a-C (residues 623-908) and Dnmt3L-C (residues 160-386) was achieved by the sequential transformation of two plasmids (pXC528 and pXC510) into Escherichia coli strain BL21 (DE3). Dnmt3a2 or Dnmt3a-C contained an N-terminal His 6 tag, and Dnmt3L or Dnmt3L-C was a glutathione S-transferase (GST) fusion protein. The protein complex was purified with the use of three-column chromatography (GSTrap HP column, Ni 21 -chelating column and Superdex 75; Amersham-Pharmacia). The GST tag was cleaved by thrombin. Crystallography. By combining the Se-anomalous diffraction data (Supplementary Table 1 ) and the molecular replacement with the use of the C-terminal domain of Dnmt3L homodimer as the initial search model, the structure of Dnmt3a-C-Dnmt3L-C complex was solved. Sequence analyses. The analyses of the periodicity of CpG positioning and in Dnmt3a activity were performed with two in-house programs.
Full Methods and any associated references are available in the online version of the paper at www.nature.com/nature.
METHODS
Expression and purification. The sequence encoding Dnmt3a2 (residues 220-908 of Dnmt3a; NCBI accession number o88508) was subcloned into the pET28a vector (Novagen) using NdeI/EcoRI sites, yielding pXC465. E. coli BL21 (DE3) Codon-plus RIL (Stratagene) carrying pXC465 was grown in LuriaBertani medium supplemented with 50 mM ZnSO 4 at 37 uC to D 600 < 0.6, then shifted to 22 uC for 20 min and induced overnight with 0.4 mM isopropyl b-Dthiogalactoside. The complementary DNA encoding full-length Dnmt3L was subcloned into a modified pET-28a vector, yielding pXC391, with an N-terminal His 6 tag. Both proteins were purified separately by three-column chromatography and used in the methyl transfer assays (Fig. 1c) .
Co-expression of Dnm3a2 and Dnmt3L (NCBI accession number AAH83147) was achieved by engineering two expression cassettes in one plasmid. The sequence encoding Dnmt3a2 together with a T7 promoter and the terminator was amplified, digested with MfeI, and cloned into the EcoRI site of pGEX-2T vector (Amersham-Pharmacia) containing Dnmt3L fused to GST followed by a thrombin cleavage site. Dnmt3a2 contains an N-terminal His 6 tag, and Dnmt3L is a GST fusion. The complex was purified by a GST-affinity column, GST fusion cleavage by thrombin, and a Ni 21 -chelating column to select for the complex. Finally a gel-filtration column yielded a stable complex at 1:1 stoichiometry.
The sequence encoding Dnmt3a residues 623-908 (Dnmt3a-C) was amplified and cloned into a modified pACYCduet-1 vector (with an N-terminal His 6 tag) using NdeI/XhoI sites, yielding pXC528. The C-terminal residues 160-386 of Dnmt3L (Dnmt3L-C) were amplified, digested with BclI and EcoRI, and cloned into the BamHI and EcoRI sites of pGEX-2T, yielding pXC510. Plasmids pXC528 and pXC510 were transformed sequentially into E. coli strain BL21 (DE3). The proteins were produced with the auto-induction method 24 . E. coli strain BL21 (DE3) carrying pXC528 and pXC510 was grown in ZY-5052 medium at 37 uC for about 16 h before harvest. The D 600 value of harvested cells was about 6. The protein complex was purified by three-column chromatography. The GST tag was cleaved by thrombin. The complex was stored in 20 mM Tris-HCl pH 8.0, 250 mM NaCl, 5% glycerol and 0.1% 2-mercaptoethanol. Methyl transfer assays using short oligonucleotides. The methyl transfer activity assays were performed in 25 mM Tris-HCl pH 7.5, 5% glycerol and 0.1% 2-mercaptoethanol). The reaction mixture (20 ml total volume) contained 3.7 mM [methyl-3 H]AdoMet (14.9 Ci/mmol; NEN), and 0.75 mM (GAC) 12 oligonucleotides ( Fig. 1c and Supplementary Fig. 1c ) or 2.25 mM single CpGcontaining oligonucleotides (Fig. 2c) . The mixture contained 0.3 mM (Fig. 1c and Supplementary Fig. 1c ) or 0.5 mM (Fig. 2c ) purified proteins. Proteins were preincubated for 5 min with AdoMet at 37 uC before the addition of DNA. The reaction were incubated at 37 uC for 1 h, and terminated by the addition of 1.5 mM unlabelled AdoMet. The reaction mixtures were spotted on DE81 paper circles (Whatman), washed five times with 2 ml of cold 0.2 M NH 4 HCO 3 , five times with 2 ml of deionized water and once with 2 ml of ethanol. The dried circles were subjected to liquid-scintillation counting with Cytoscint scintillant. Each reaction was performed at least in duplicate. Dnmt3a-C activity on long DNA substrates. Two DNA fragments were used, one from l phage comprising 520 base pairs and 40 CpGs, the other comprising 420 base pairs and 56 CpGs from the CpG island upstream of the human SUHW1 gene. Purified polymerase chain reaction product (50-100 nM) was incubated for 3 h with 2.5 mM Dnmt3a-C (purified as described 9 ). The methylation reaction was stopped by freezing in liquid N 2 and digestion with proteinase K (New England Biolabs). Afterwards the DNA was treated with sodium bisulphite essentially as described 25, 26 , and cloned into Topo-TA vector (Invitrogen). A total of 119 individual clones were sequenced to determine their methylation pattern. Electrophoretic mobility-shift assays. Electrophoretic mobility-shift assay experiments were performed with a 146-base-pair polymerase chain reaction product amplified from mammary tumour virus 39 long terminal repeat nucleosome A site 27 that was fluorescently labelled at both termini. DNA (30 nM) was incubated with protein (Dnmt3a-C alone or Dnmt3a-C and Dnmt3L-C mixture, purified as described 9, 11 ) in reaction buffer (20 mM HEPES pH 7.5, 1 mM EDTA, 100 mM KCl, 0.2 mM sinefungin, 0.5 mg ml 21 BSA) for 30 min and applied to an 8% polyacrylamide gel run in 0.5 3 Tris-borate-EDTA buffer.
After incubating a 146-base-pair DNA with increasing concentrations (1, 2.5, 5 and 10 mM) of Dnmt3a-C or Dnmt3a-C-Dnmt3L-C complex, large complexes were observed (red arrow in Fig. 2c) . The high degree of cooperativity is illustrated by the formation of large protein-DNA complexes and little appearance of intermediates. At the highest protein concentration used, the estimated protein mass of Dnmt3a-C bound to the DNA was 433 6 8.5 kDa, which corresponds to about 12 protein molecules (a Dnmt3a-C monomer is 36 kDa). One Dnmt3a-C monomer therefore occupies about 12 base pairs, or a dimer occupies about 24 base pairs. This mass estimation was based on calibration with R.EcoRV, as detailed in Supplementary Fig. 5a . Crystallography. The purified Dnmt3a-C-Dnmt3L-C complex was incubated with AdoHcy at a 1:4 molar ratio before concentration to 24 mg ml 21 (about 400 mM). The complex was incubated with short self-annealing 12-16-base-pair oligonucleotides with a single central CpG (in a molar ratio ranging from 1:1 to 1:4 excess of DNA) for at least 1 h on ice before crystallization. The final solution contained about 100-133 mM complex in 20 mM Tris-HCl pH 8.0, 100 mM NaCl, 5% glycerol and 0.1% 2-mercaptoethanol. Crystals were obtained by the hanging drop method; the mother liquor contained 2-5% PEG3000, 100 mM Tris-HCl pH 8.0 and 5% glycerol at 16 uC. It usually took a few weeks to two months before crystals reached a maximum size of about 0.05 3 0.05 3 0.4 mm 3 . The crystals were cryoprotected by mother liquor supplemented with 25% ethylene glycol before being plunged into liquid nitrogen. X-ray diffraction data were collected at the SER-CAT beamline at the Advanced Photon Source, Argonne National Laboratory, Argonne, Illinois.
Using the C-terminal domain of the Dnmt3L homodimer ( Supplementary  Fig. 2b, top panel) as the initial search model, the molecular replacement program PHASER 28 found three solutions with a Z score of 17.2 in the resolution range 40-2.9 Å of native data (crystal 2 in Supplementary Table 1 ). Each solution represented one possible Dnmt3a-Dnmt3L heterodimer. The molecular replacement phases were then used to locate the selenium sites by anomalous difference Fourier with the selenium absorption peak data collected from crystal 1 (Supplementary Table 1 ). The top anomalous peaks were refined by SOLVE and RESOLVE 29 , which detected a fourth heterodimer. Two pairs of Dnmt3a-Dnmt3L heterodimers were related by a two-fold symmetry that generated a tetramer. There were two tetrameric complexes per crystallographic asymmetric unit. The non-crystallographic symmetry was used as restraints in the CNS refinement 30 , and was released for the side chains at the later cycles to account for different interaction environments of crystal packing with each molecule. The group B-factor for each residue was refined at the earlier stage of refinement, and the individual B-factor for each atom was refined at the later cycles. The Dnmt3L molecules have a higher B-factor than Dnmt3a (Supplementary Table  1 ), indicating that Dnmt3L molecules-located on the outer surfaces of the tetramer-are more mobile. Two data sets, from crystals 2 and 3 grown using different oligonucleotides, were used for refinement independently. Although short oligonucleotides were used in the crystallization mixture and were essential for obtaining crystals reproducibly, DNA was not finally modelled, presumably because of disorder and/or low occupancy (Supplementary Fig. 9 ). Sequence analyses. The analyses of the periodicity of CpG positioning and in Dnmt3a activity were performed with programs written in Borland Delphi 6.0. Both programs are available from the authors on request.
The first program reads the bisulphite methylation profile of all clones analysed for the target sequence (examples are shown in Fig. 3 and Supplementary  Fig. 6 ). For all pairs of CpG sites, it determines the number of events of, first, correlated co-methylation (N M ), second, correlated co-unmethylation (N U ), or third, different methylation state (N D ). The sum of N M and N U is the total number of correlated methylation states N C (methylated and unmethylated). The output indicates, for each distance between 1 and 1,000 base pairs, how many pairs of each type of event were observed. To estimate the statistical significance of the peak at eight to ten base pairs, the data points between 15 base pairs (a little more than one helical turn) and 150 base pairs (the fragment size needed for the nucleosome core particle) were used for a statistical analysis (by calculating mean and s.d.).
Next, the correlation score (C X ) for each type of event was calculated, using C X 5 2[F X /(F X 1 1)] 2 1 and F X 5 N X /N AX where X 5 C or M or U for each type of event, and N AX is the number of that event expected from a random distribution of the total observed methylation. For the l-phage DNA with an overall methylation level of 22% and 64 clones (Fig. 3a, top The C scores fluctuate between 1 (full correlation) and 21 (complete anticorrelation). A score of 0 corresponds to 50% correlation, the value expected by chance. All graphs were smoothed by averaging results with a sliding window of five base pairs; the C scores are reported as percentages.
